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METHOD AND APPARATUS FOR 
COMPRESSING INSTRUCTIONS TO HAVE 
CONSECUTIVELY ADDRESSED OPERANDS 

AND FOR CORRESPONDING 
DECOMPRESSION IN A COMPUTER 

SYSTEM 

TECHNICAL FIELD 

The present invention generally relates to computer sys 
tems, and more particularly to a method and apparatus for 
compressing and decompressing instructions in a computer 
system. 

BACKGROUND OF THE INVENTION 

As is known, the art and science of three-dimensional 
(“3-D”) computer graphics concerns the generation, or ren 
dering, of tWo-dimensional (“2-D”) images of 3-D objects for 
display or presentation onto a display device or monitor, such 
as a Cathode Ray Tube (CRT) or a Liquid Crystal Display 
(LCD). The object may be a simple geometry primitive such 
as a point, a line segment, a triangle, or a polygon. More 
complex objects can be rendered onto a display device by 
representing the objects With a series of connected planar 
polygons, such as, for example, by representing the objects as 
a series of connected planar triangles. All geometry primi 
tives may eventually be described in terms of a vertex or a set 
of vertices, for example, coordinate (x, y, Z) that de?nes a 
point, for example, the endpoint of a line segment, or a comer 
of a polygon. 

To generate a data set for display as a 2-D projection 
representative of a 3-D primitive onto a computer monitor or 
other display device, the vertices of the primitive are pro 
cessed through a series of operations, or processing stages in 
a graphics-rendering pipeline. A generic pipeline is merely a 
series of cascading processing units, or stages, Wherein the 
output from a prior stage serves as the input for a subsequent 
stage. In the context of a graphics processor, these stages 
include, for example, per vertex operations, primitive assem 
bly operations, pixel operations, texture assembly operations, 
rasteriZation operations, and fragment operations. 

In a typical graphics display system, an image database 
(e. g., a command list) may store a description of the objects in 
the scene. The objects are described With a number of small 
polygons, Which cover the surface of the object in the same 
manner that a number of small tiles can cover a Wall or other 

surface. Each polygon is described as a list of vertex coordi 
nates Qi, Y, Z in “Model” coordinates) and some speci?cation 
of material surface properties (i.e., color, texture, shininess, 
etc.), as Well as possibly the normal vectors to the surface at 
each vertex. For three-dimensional objects With complex 
curved surfaces, the polygons in general must be triangles or 
quadrilaterals, and the latter can alWays be decomposed into 
pairs of triangles. 
A transformation engine transforms the object coordinates 

in response to the angle of vieWing selected by a user from 
user input. In addition, the user may specify the ?eld of vieW, 
the siZe of the image to be produced, and the back end of the 
vieWing volume so as to include or eliminate background as 
desired. 
Once this vieWing area has been selected, clipping logic 

eliminates the polygons (i.e., triangles) Which are outside the 
vieWing area and “clips” the polygons, Which are partly inside 
and partly outside the vieWing area. These clipped polygons 
Will correspond to the portion of the polygon inside the vieW 
ing area With neW edge(s) corresponding to the edge(s) of the 
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2 
vieWing area. The polygon vertices are then transmitted to the 
next stage in coordinates corresponding to the vieWing screen 
(in X, Y coordinates) With an associated depth for each vertex 
(the Z coordinate). In a typical system, the lighting model is 
next applied taking into account the light sources. The poly 
gons With their color values are then transmitted to a raster 
men 

For each polygon, the rasteriZer determines Which pixel 
positions the polygon and attempts to Write the associated 
color values and depth (Z value) into frame buffer cover. The 
rasteriZer compares the depth values (Z) for the polygon 
being processed With the depth value of a pixel, Which may 
already be Written into the frame buffer. If the depth value of 
the neW polygon pixel is smaller, indicating that it is in front 
of the polygon already Written into the frame buffer, then its 
value Will replace the value in the frame buffer because the 
neW polygon Will obscure the polygon previously processed 
and Written into the frame buffer. This process is repeated 
until all of the polygons have been rasteriZed. At that point, a 
video controller displays the contents of a frame buffer on a 
display a scan line at a time in raster order. 

With this general background provided, reference is noW 
made to FIG. 1, Which shoWs a functional ?oW diagram of 
certain components Within a graphics pipeline in a computer 
graphics system. It Will be appreciated that components 
Within graphics pipelines may vary from system, and may 
also be illustrated in a variety of Ways. As is knoWn, a host 
computer 10 (or a graphics API running on a host computer) 
may generate a command list 12, Which comprises a series of 
graphics commands and data for rendering an “environment” 
on a graphics display. Components Within the graphics pipe 
line may operate on the data and commands Within the com 
mand list 12 to render a screen in a graphics display. 

In this regard, a parser 14 may retrieve data from the 
command list 12 and “parse” through the data to interpret 
commands and pass data de?ning graphics primitives along 
(or into) the graphics pipeline. In this regard, graphics primi 
tives may be de?ned by location data (e.g., x, y, Z, and W 
coordinates) as Well as lighting and texture information. All 
of this information, for each primitive, may be retrieved by 
the parser 14 from the command list 12, and passed to a vertex 
shader 16. As is knoWn, the vertex shader 16 may perform 
various transformations on the graphics data received from 
the command list. In this regard, the data may be transformed 
from World coordinates into Model View coordinates, into 
Projection coordinates, and ultimately into Screen coordi 
nates. The functional processing performed by the vertex 
shader 16 is knoWn and need not be described further herein. 
Thereafter, the graphics data may be passed onto rasteriZer 
18, Which operates as summarized above. 

Thereafter, a Z-test 20 is performed on each pixel Within the 
primitive being operated upon. As is knoWn, comparing a 
current Z-value (i.e., a Z-value for a given pixel of the current 
primitive) in comparison With a stored Z-value for the corre 
sponding pixel location performs this Z-test. The stored 
Z-value provides the depth value for a previously rendered 
primitive for a given pixel location. If the current Z-value 
indicates a depth that is closer to the vieWer’s eye than the 
stored Z-value, then the current Z-value Will replace the stored 
Z-value and the current graphic information (i.e., color) Will 
replace the color information in the corresponding frame 
buffer pixel location (as determined by the pixel shader 22). If 
the current Z-value is not closer to the current vieWpoint than 
the stored Z-value, then neither the frame buffer nor Z-buffer 
contents need to be replaced, as a previously rendered pixel 
Will be deemed to be in front of the current pixel. 
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Again, for pixels Within primitives that are rendered and 
determined to be closer to the vieWpoint than previously 
stored pixels, information relating to the primitive is passed 
on to the pixel shader 22. The pixel shader 22 then determines 
color information for each of the pixels Within the primitive 
that are determined to be closer to the current vieWpoint. Once 
color information is computed by the pixel shader 22, the 
information is stored Within the frame buffer 24 for subse 
quent display. 
As is known, the above discussed computer graphics pro 

cessing functions are data and instruction intensive therefore 
Will realiZe improved ef?ciencies from systems and methods 
of instruction compression and decompression. 

SUMMARY 

Embodiments of the present invention provide a computer 
system having compression logic con?gured to compress a 
plurality of instructions, Wherein the plurality of instructions 
comprises a plurality of operands, Wherein each of the plu 
rality of instructions comprises one of the plurality of oper 
ands, Wherein the plurality of operands is allocated to a plu 
rality of consecutive registers, Wherein each of the plurality of 
instructions further comprises a speci?c instruction function 
applied to one of the plurality of operands; decompression 
logic con?gured to decompress a compressed instruction, 
Wherein the compressed instruction is expanded into a plu 
rality of decompressed instructions; and instruction queue 
logic con?gured to store the plurality of instructions, further 
con?gured to store the compressed instruction, further con 
?gured to partition an instruction register, Wherein the 
instruction register is comprised of a plurality of instruction 
queues, Wherein the plurality of instruction queues comprises 
a ?rst instruction queue, Wherein the plurality of instruction 
queues further comprises a second instruction queue. 

Embodiments of the present invention can also be vieWed 
as providing methods for compressing and decompressing 
computer instructions. In this regard, one embodiment of 
such a method, among others, can be broadly summarized by 
the folloWing steps: compressing a plurality of instructions, 
Wherein the plurality of instructions comprises an instruction 
applied to a plurality of components of a value, Wherein the 
plurality of instructions is compressed into a compressed 
instruction; and decompressing the compressed instruction, 
Wherein decompressing comprises determining a number of 
the plurality of components of a value, Wherein the decom 
pressing further comprises determining Which components of 
the compressed instruction to modify, Wherein the decom 
pressing further comprises storing decompressed instructions 
in an instruction register. 

Other systems, methods, features, and advantages of the 
present invention Will be or become apparent to one With skill 
in the art upon examination of the folloWing draWings and 
detailed description. It is intended that all such additional 
systems, methods, features, and advantages be included 
Within this description, be Within the scope of the present 
invention, and be protected by the accompanying claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Many aspects of the invention can be better understood 
With reference to the folloWing draWings. The components in 
the draWings are not necessarily to scale, emphasis instead 
being placed upon clearly illustrating the principles of the 
present invention. 

Moreover, in the draWings, like reference numerals desig 
nate corresponding parts throughout the several vieWs. 
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4 
FIG. 1 is a block diagram of a conventional graphics pipe 

line, as is knoWn in the prior art. 
FIG. 2 is a block diagram illustrating select elements of an 

instruction compression/decompression system. 
FIG. 3 is a block diagram illustrating one embodiment of 

an instruction compression method. 
FIG. 4 is a block diagram illustrating instruction process 

ing in one embodiment. 
FIG. 5 is a diagram illustrating one embodiment of the 

format for the instruction register and instruction queues. 
FIG. 6 is a diagram illustrating the format of one embodi 

ment of a compressed instruction. 
FIG. 7 is a table providing the de?nitions of the operand 

?eld identi?er values in one embodiment. 
FIG. 8 is a block diagram illustrating the ?eld identi?er 

logic of one embodiment. 
FIG. 9 is a block diagram illustrating instruction decom 

pression in one embodiment. 
FIG. 10 is a block diagram illustrating the logic for instruc 

tion decompression in one embodiment. 
FIG. 11 is a diagram illustrating the replication and modi 

?cation of instructions in decompression. 

DETAILED DESCRIPTION 

Having summarized various aspects of the present inven 
tion, reference Will noW be made in detail to the description of 
the invention as illustrated in the draWings. While the inven 
tion Will be described in connection With these draWings, 
there is no intent to limit it to the embodiment or embodi 
ments disclosed herein. On the contrary, the intent is to cover 
all alternatives, modi?cations and equivalents included 
Within the spirit and scope of the invention as de?ned by the 
appended claims. 

It is noted that the draWings presented herein have been 
provided to illustrate certain features and aspects of the 
embodiments of the invention. It Will be appreciated from the 
description provided herein that a variety of alternative 
embodiments and implementations may be realiZed, consis 
tent With the scope and spirit of the present invention. 
As summariZed above, the present application is directed 

to embodiments of apparatus, systems and methods of com 
pressing and decompressing instructions in a computer sys 
tem. Although exemplary embodiments are presented in the 
context of a computer graphics system, one of ordinary skill 
in the art Will appreciate that the apparatus, systems and 
methods herein are applicable in any computer system fea 
turing large amounts of data parallelism because the code 
may transformed to accumulate and compress such data 
operations. 

Reference is made brie?y to FIG. 2, Which illustrates a 
block diagram of select system components of an embodi 
ment of the instruction compression/decompression method 
and apparatus. As illustrated, the compression/decompres 
sion system features data processing unit 200 utiliZing a com 
piler 202, Which applies compression logic 204 to multiple 
instructions. The compression logic 204 compresses multiple 
instructions into one instruction, Which is then placed in an 
instruction cache 206. The compression may also be per 
formed by the compression logic 204 Within a compiler out 
side the data processing unit 200. As illustrated in FIG. 4, the 
compressed instruction remains in the instruction cache until 
the program counter points 420 to that instruction for execu 
tion. 
When the program counter points 420 to the compressed 

instruction in the instruction cache 206, the compressed 
instruction is placed in the instruction queues 212 and decom 
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pressed using the decompression logic 208. The instruction 
queues 212 are managed and balanced With no-operation 
instructions by queueing logic 210. One of ordinary skill in 
the art Will knoW that the decompression logic 208 and queu 
ing logic 210 may either be external to or integrated Within the 
instruction queues 212. 

Reference is noW made to FIG. 3, illustrating one embodi 
ment of an instruction compression method. The uncom 
pressed instructions 310-312 have the same instruction func 
tion “A” components 325-327 and operands 320-322 located 
in consecutive registers. A series of repetitive instructions 
With consecutive operands is typical of the graphics rendering 
pipeline stages of a pixel shader, Z-test and vertex shader, for 
example. 

This embodiment features instructions With operands 320 
322 each having three arguments 330-338. The correspond 
ing arguments in each of the three uncompressed instructions 
are in consecutively addressed registers. For example, the 
argument in the “X” register 330 of the ?rst instruction 310 
has corresponding consecutively addressed arguments in the 
“X+1” register 333 in the second instruction 311 and in the 
“X+2” register 336 in the third instruction 312. Accordingly, 
the “Y” and “Z” arguments 331-332 in the ?rst instruction 
310 have the same corresponding consecutive “+1” and “+2” 
arguments in the second and third instructions 311, 312. 

Multiple instructions having the same instruction function 
and consecutively addressed operands are compressed by the 
compression logic 300 into a single compressed instruction 
360. The compressed instruction 360 has an operand 362 With 
arguments 366-368 identical to the arguments 330-332 in the 
?rst uncompressed instruction 310. The compressed instruc 
tion 360 is modi?ed 364 to further include data regarding the 
number of compressed instructions captured in the compres 
sion and identi?er information regarding the data ?elds of the 
compressed instruction. 

For example, the folloWing MicrosoftTM DX assembler 
instruction, 

may be expanded to the folloWing three instructions by the 
compiler: 

MUL R20, R12, R16 
MUL R21, R13, R17 
MUL R22, R14, R18 

These instructions may then be compressed to: 
FMUL.3 R20, R12, R16 

Note that the consecutive register allocation is a requirement 
under this compression scheme. Therefore, the code 
MUL R10.xZy, R10.xyZ, R.yZW 

Will not be compressed since the register allocation is not 
consecutive. To compress an instruction With non-consecu 
tive registers, the compiler Would have to reassign a register, 
thus reducing the bene?ts of the compression scheme. Note 
that the operands of this example can be vectors, arrays of 
vectors, or a combination thereof. 

Reference is noW brie?y made to FIG. 4, a block diagram 
illustrating one embodiment of instruction processing. The 
program counter 41 0 points to an instruction in the instruction 
cache 420, Where the instruction cache contains instructions 
related to speci?c process threads. As mentioned in relation to 
FIG. 2, an instruction is fetched 430 from the instruction 
cache and placed in the instruction register 440 for a speci?c 
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6 
process thread. An instruction decompression can occur 
every cycle and the instructions are decompressed into the 
instruction queues 450 for subsequent execution. 

As illustrated in FIG. 5, the instruction register 510 and 
instruction queues 520 of this embodiment are con?gured as 
128 bits divided into tWo 64-bit instructions 512, 514. An 
alternative embodiment may be con?gured as a different siZe 
instruction register, Where that register could contain more 
than tWo instructions per data string. Thus, the number of 
partitions “N” 521 could be a number other than tWo. For 
example, in a 128-bit system utiliZing less data intensive 
instruction functions and arguments, an instruction register 
could contain four 32-bit instructions, such that “N” 521 
equals four. Regardless of the siZe of the instruction register 
510 and the number of partitions 521, each individual instruc 
tion queue may be dedicated to processing a different process 
thread of the system. 
The separate 64-bit instruction queues 522, 524 each have 

dedicated instruction decompression functionality. Each 
queue is simultaneously loaded With the corresponding 64-bit 
instruction. The instruction queue 520 of this embodiment is 
seven levels deep, such that “L” 526, 528 equals seven. If less 
than four levels are available, the process threads associated 
With those instructions Will stall until at least four levels are 
available in each queue. The four level capacity requirement 
is necessary because in addition to receiving the compressed 
instruction, the instruction queues 522, 524 store the multiple 
instructions that are decompressed from the compressed 
instruction. Therefore, the instruction queues 522, 524 must 
have the capacity to store the compressed instruction function 
and up to three decompressed instructions. 
One of ordinary skill in the art Will recogniZe that the 

instruction queues may be con?gured With a number of levels 
other than seven, as in the above embodiment, such that “L” 
526, 528 is a number other than seven. Correspondingly, the 
maximum number of decompres sed instructions, and thus the 
minimum available instruction queue capacity to avoid stall 
ing, may be a number other than four. The value of this 
number Would necessarily be less than the total number of 
levels, “L,” 526, 528 and correlate to the maximum number of 
instructions available for compression in the particular 
embodiment. 

Reference is noW made to FIG. 6, Which illustrates the data 
format of the compressed instruction of this embodiment. The 
compressed instruction 600 utiliZes the value in the ?eld 612, 
bits 62 and 61, to indicate the number of replications 610 
required in decompression. 
The number of replications corresponds to the number of 

uncompressed instructions that Were compressed by the com 
piler. Additionally, this value, as discussed beloW, is used to 
determine the maximum replications betWeen the left and 
right instruction queues. 

Bits 54 and 53 de?ne the data ?eld 622, Which stores a ?eld 
identi?er value 620. The ?eld identi?er value 620 identi?es 
Whether the instruction is suitable for compression and, if 
compressed, Which of the operand arguments 630 require 
modi?cation in decompression. In this embodiment, the argu 
ments 632, 634, 636 can be de?ned in three eight-bit ?elds, 
depending on hoW many arguments the speci?c instruction 
function requires. It Will be appreciated that different func 
tions may operate on one or more operand arguments in each 
instruction. The instruction function Would be de?ned, for 
example, in one of the ?elds not discussed in FIG. 6. Addi 
tionally, in the ?gures, the X, Y and Z labels for the corre 
sponding arguments 632, 634 and 636 have no correlation 
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With any coordinate system labels and are only for the pur 
pose of distinguishing each argument from the other argu 
ments in the same instruction. 

Using the above example of a compressed instruction, the 
value in the number of replications ?eld, bits 62 and 61, Would 
be “1 1” to correspond With the binary expression for the three 
instructions that are compressed into one compressed instruc 
tion. The ?eld identi?er value 620 at bits 54-53 622 Would be 
“01” since the operation is register-register. Accordingly, the 
operand arguments 630 at bit ranges 46-39, 19-12, and 7-0 
Would be the addresses of registers R20, R12 and R16, 
respectively. The code for the instruction function “MUL” 
Would be stored in a ?eld Within the 38-20 bit range. 

De?nitions of the values of the ?eld identi?er 620 in one 
embodiment are listed in the table of FIG. 7. By Way of 
example, the compression method of this embodiment results 
in compression only When the instruction is a register-register 
operation or a register-immediate operation. Limiting the 
compression to instructions having these tWo types of opera 
tions results in greater ef?ciency because the compression 
method relies on operands located in consecutively addressed 
registers. 

Reference is noW made to FIG. 8, a block diagram illus 
trating an embodiment of logic for using the ?eld identi?er 
data to determine Which arguments are to be modi?ed during 
decompression. As discussed above, the ?eld identi?er is 
comprised ofbit 54 801 and bit 53 802. Since compression is 
not performed When both bits are Zero or When both bits are 
one, an exclusive OR (XOR) logic function 810 is performed 
on bits 54 and 53 801-802 to determine Whether the replica 
tion associated With decompression is necessary. If the XOR 
result equals Zero, then there is no replication 812, and thus no 
decompression. If the result of the XOR equals one then 
replication of the instruction is performed 820. In this 
embodiment, values in the X and Z argument ?elds 632, 636 
are modi?ed 830 for each replication. Further, if bit 53 is one 
840, then the value in the Y argument ?eld is also modi?ed 
850. Correspondingly, if bit 53 is Zero, then the value in theY 
argument ?eld is not modi?ed 870. 

Using the above example, the operand ?eld identi?er is 
“01” therefore the XOR function 810 Would yield a value of 
1, indicating that replication of the instruction should occur. 
Since the arguments stored in the “X” and “Z” locations Will 
be modi?ed regardless of Whether the ?eld identi?er value is 
“01” or “10,” the XOR value of “1” dictates that the R20 and 
R16 arguments of this example should be modi?ed. The R20 
argument is modi?ed in subsequent decompressed instruc 
tions to generate arguments R21 and R22, corresponding to 
the original instructions before they Were compressed. 
Accordingly, the R16 argument is modi?ed to generate argu 
ments R17 and R18 in the subsequent decompressed instruc 
tions. 

Additionally, if bit 53 has a value of 1 due to a ?eld iden 
ti?er value of “01,” then the corresponding operation is per 
formed relative to the R12 argument. Thus, the bit test of the 
53 bit distinguishes betWeen a register-register operation and 
a register-immediate operation, as shoWn in the table of FIG. 
7. 
A block diagram of one embodiment of instruction decom 

pression is illustrated in FIG. 9. To achieve the replication and 
modi?cation of the instruction for the left and right instruc 
tion queues 910, the replication value is read from the com 
pressed instruction 920. 
As discussed above, the replication value is determined by 

the number of instructions compressed into the compressed 
instruction and determines hoW many decompressed instruc 
tions are generated during decompression. In the above code 
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8 
example, the replication value Would be three or “11.” Addi 
tionally, the compressed instruction opcode and ?eld identi 
?ers are read 930, 940. The compressed instruction opcode is 
read because it Will be reproduced Without modi?cation in the 
replicated instructions. For example, in the above example, 
the instruction opcode in each of the replicated instructions 
Will correspond to the “MUL” function. 
The ?eld identi?ers are read to determine Which of the 

operand ?elds is to be modi?ed in the replicated instructions 
that are generated during the decompression. As discussed 
above, the ?eld identi?er value of “01” requires that all three 
operand ?elds be modi?ed in the replicated instructions. Hav 
ing the number of replications, the instruction function from 
the opcode and the ?eld identi?er data, the instruction is 
replicated With the corresponding argument ?elds incre 
mented for each replication 950. 
The maximum number of replications in the left and right 

instruction queues is determined 960. This maximum is used 
to balance the left and right instruction queues by inserting 
no-operation functions in any queue 970 Where the number of 
replications is less than the maximum. Thus, including the 
no-operation instructions, all instruction queues store the 
same number of instructions per cycle. This balancing func 
tion is necessary maintain the proper instruction sequence 
since, in this embodiment for example, the left and right 
instruction queues are loaded and accessed in the form of a 
single data block. 
By Way of example, assume the compressed instruction of 

the above example, having a replication value of three, is in 
the left queue and another compressed instruction having a 
replication value of tWo is in the right queue. The tWo differ 
ent replication values Would be compared to determine the 
maximum, Which in this example is three. The number of 
no-operation instructions inserted into the left and right 
instruction queues is the difference, betWeen the maximum, 
three, and the replication values of the respective queues. 
Thus, in this example, the left queue Would not have any 
no-operation instructions inserted because it has the maxi 
mum number of instructions. In contrast, the right instruction 
queue Would have one no-operation instruction inserted to 
bring the total from tWo up to the same number as the maxi 
mum of three. 

Reference is noW made to FIG. 10, Which illustrates a block 
diagram of the instruction decompression process in one 
embodiment. The 128-bit instruction register 1001, de?ned 
by bits 127-0, is logically divided into tWo 64-bit instructions, 
de?ned by bits 127-64 1002 and bits 63-0 1003. By partition 
ing the 128-bit data string, the instruction register supports 
multiple process threads simultaneously. Within the context 
of the left and right instruction queues 1040, 1050, the 64-bit 
instructions are each de?ned by their respective bits 63-0. 
One of ordinary skill in the art Will appreciate that the instruc 
tion register could be partitioned to accommodate more than 
tWo instructions Within the same data string. 
The replication values, stored in bits 62-61 of each of the 

left and right instructions, are read 1012, 1022 for each of the 
respective instruction queues 1040, 1050. The instructions in 
each queue are replicated With the corresponding modi?ca 
tions 1010, 1020 and Written into the left and right instruction 
queues 1040, 1050. The maximum of the replication values 
1012, 1022 is determined by comparing 1030 the replication 
values 1012, 1022 for each of the left and right instruction 
queues 1040, 1050. The number of no-operation instructions 
inserted 1014, 1024 in the left and right instruction queues is 
the difference betWeen the maximum number of replications 
and the number of replications for each of the corresponding 
instruction queues. Thus, in the event that one instruction has 
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a greater replication value than the other instruction, the 
queue With the instruction having the lesser value Will have 
one or more no-operation instructions inserted to balance the 
number of levels loaded in each queue during that cycle. 
Alternatively, if both instructions have the same replication 
value, then the maximum is that same value and the insertion 
of no-operation instructions is not performed. 
By inserting the no-operation instructions, the left and right 

queues are balanced after decompression. Balancing the 
queues improves ef?ciency because the decompression may 
be performed once per cycle on, for example, a 128-bit data 
string and an imbalance in the queues may cause a stall 
affecting all process threads associated With the entire data 
string. 

This type of stall Would occur if the capacity of one instruc 
tion queue is less than the capacity required by the compres 
sion scheme. The resulting stall Would affect all threads pro 
cessed by that instruction register. 
One embodiment of replication and modi?cation logic is 

illustrated in the diagram of FIG. 11. The compressed instruc 
tion 1100 contains a replication value in bits 62-61 1102, a 
?eld identi?er in bits 54-53 1104, up to three different argu 
ment ?elds 1106-1108 and an opcode ?eldWhich contains the 
instruction function 1110. The number replications 1102, 
determines hoW many of the replicate instructions 1120, 
1140, 1160 are generated. As discussed above, the replication 
value corresponds With the number of instructions com 
pressed into the compressed instruction. 

The ?eld identi?er bits 1104 selectively enable 8-bit incre 
menters 1180, 1182, 1184 for modi?cation to the arguments 
as determined by the ?eld identi?er value. For example, in the 
case Where incrementer 1180 is enabled and the replication 
value 1102 is three, the argument at bits 46-39 1106 of the 
compressed instruction 1100 is incremented to produce 
modi?ed arguments 1126, 1146, 1166 for each of the corre 
sponding replicated instructions 1120, 1140, 1160. Applying 
this to the example above, the R20 argument Will be incre 
mented to generate modi?ed arguments R21 and R22. Cor 
respondingly, the R12 Will be incremented to generate modi 
?ed arguments R13 and R14 and R16 Will be incremented to 
generate modi?ed arguments R17 and R18. 

Although the above embodiments use examples With three 
or less replications, one of ordinary skill in the art Will appre 
ciate that the replication value and associated ?eld could be 
modi?ed to a compress a maximum number of instructions 
more or less than three. Similarly, one of ordinary skill in the 
art Will knoW that the format of the instruction discussed 
above is merely exemplary and that the practice of these 
methods is not limited by this format. Thus, a data format of 
a different number, capacity and type of ?elds is contem 
plated. 

The methods of the present invention can be implemented 
in hardWare, softWare, ?rmWare, or a combination thereof. In 
the preferred embodiment, the compression and decompres 
sion logic is implemented in softWare or ?rmWare that is 
stored in a memory and that is executed by a suitable instruc 
tion execution system. If implemented in hardWare, as in an 
alternative embodiment, the logic can be implemented With 
any or a combination of the folloWing technologies, Which are 
all Well knoWn in the art: a discrete logic circuit(s) having 
logic gates for implementing logic functions upon data sig 
nals, an application speci?c integrated circuit (ASIC) having 
appropriate combinational logic gates, a programmable gate 
array(s) (PGA), a ?eldprogrammable gate array (FPGA), etc. 
Any process descriptions orblocks in How charts should be 

understood as representing modules, segments, or portions of 
code Which include one or more executable instructions for 
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10 
implementing speci?c logical functions or steps in the pro 
cess. Alternate implementations are included Within the 
scope of the preferred embodiment of the present invention in 
Which functions may be executed out of order from that 
shoWn or discussed, including substantially concurrently or 
in reverse order, depending on the functionality involved, as 
Would be understood by those reasonably skilled in the art of 
the present invention. 

It should be emphasiZed that the above-described embodi 
ments of the present invention, particularly, any “preferred” 
embodiments, are merely possible examples of implementa 
tions, merely set forth for a clear understanding of the prin 
ciples of the invention. Many variations and modi?cations 
may be made to the above-described embodiment(s) of the 
invention Without departing substantially from the spirit and 
principles of the invention. All such modi?cations and varia 
tions are intended to be included herein Within the scope of 
this disclosure and the present invention and protected by the 
folloWing claims. 
The invention claimed is: 
1. A computer system, comprising: 
compression logic con?gured to compress a plurality of 

instructions having a same instruction function, Wherein 
each of the plurality of instructions comprises at least 
one operand, Wherein the operands in each of the plu 
rality of instructions are allocated to a plurality of con 
secutive registers, and Wherein a compressed instruction 
comprises compression data; 

decompression logic con?gured to decompress the com 
pressed instruction, Wherein the compression data is 
utiliZed to generate a plurality of decompressed instruc 
tions; and 

instruction queue logic con?gured to store the plurality of 
decompressed instructions, Wherein the instruction 
queue logic is further con?gured to partition an instruc 
tion register for processing the plurality of decom 
pressed instructions in a ?rst instruction queue and a 
second instruction queue. 

2. The computer system of claim 1, Wherein the operand 
comprises at least one argument data ?eld. 

3. The computer system of claim 2, Wherein the compres 
sion logic is further con?gured to determine a number of 
instructions for compression, Wherein the number of instruc 
tions for compression is stored in a replication value ?eld of 
the compressed instruction. 

4. The computer system of claim 3, Wherein each of the 
plurality of the decompressed instructions comprises a repli 
cate of the compressed instruction including an operand gen 
erated by modifying the compressed instruction operand. 

5. The computer system of claim 4, Wherein a modi?ed 
operand comprises the compressed instruction operand incre 
mented for each corresponding replicate of the speci?c 
instruction function. 

6. The computer system of claim 5, the decompression 
logic further con?gured to: 

determine a maximum replication value, Wherein the maxi - 
mum replication value is equal to the greater of the 
replication value of the compressed instruction in the 
?rst instruction queue and the greater of the replication 
value in the second instruction queue; 

insert no-operation instructions in the ?rst instruction 
queue, Wherein the number ofno-operation instructions 
inserted in the ?rst instruction queue is the difference 
betWeen the maximum replication value and the repli 
cation value in the ?rst instruction queue; and 

insert no-operation instructions in the second instruction 
queue, Wherein the number of no-operation instruction 
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inserted in the second instruction queue is the difference 
betWeen the maximum replication value and the repli 
cation value in the second instruction queue. 

7. The computer system of claim 6, Wherein each of the ?rst 
and second instruction queues stores instructions for a differ 
ent processor thread. 

8. The computer system of claim 7, Wherein the instruction 
register is 128 bits, Wherein each of the ?rst and second 
instruction queues is 64 bits, Wherein each of the ?rst and 
second instruction queues is seven levels. 

9. A method for improving performance in a computer 
system, comprising the steps of: 

compressing a plurality of instructions having a same 
instruction function, Wherein a compressed instruction 
is generated, and Wherein each of the plurality of instruc 
tions includes an instruction function applied to a plu 
rality of consecutively addressed operands; 

passing the compressed instruction to an instruction regis 
ter; and 

decompressing the compressed instruction, Wherein 
decompressing comprises generating decompressed 
instructions into a plurality of instruction queues. 

10. The method of claim 9, the plurality of instruction 
queues comprising a ?rst instruction queue and a second 
instruction queue, Wherein the ?rst instruction queue and the 
second instruction queue each include equal data storage 
capacity. 

11. The method of claim 10, Wherein the ?rst instruction 
queue further comprises a ?rst instruction decoder and the 
second instruction queue further comprises a second instruc 
tion decoder. 

12. The method of claim 11, Wherein the ?rst instruction 
queue and the second instruction queue are con?gured to 
receive the same number of decompressed instructions, 

Wherein instructions comprising no operation are stored in 
the ?rst instruction queue if the number of decom 
pressed instructions in the second instruction queue is 
greater than the number of decompressed instructions 
stored in the ?rst instruction queue, and 

Wherein instructions comprising no operation are stored in 
the second instruction queue if the number of decom 
pressed instructions in the ?rst instruction queue is 
greater than the number of decompressed instructions 
stored in the second instruction queue. 

13. The method of claim 12, Wherein the compressed 
instruction further comprises: 

a ?rst compression data ?eld, for storing the number of 
instructions compressed; and 

12 
a second compression data ?eld, for storing an operand 

?eld identi?er, Wherein the operand ?eld identi?er com 
prises data regarding the selection of operands for modi 
?cation. 

5 14. The method of claim 13, the step of decompressing 
further comprising the steps of: 

replicating the compressed instruction, Wherein the num 
ber of times the compressed instruction is replicated is 
equal to the number of instructions compressed; 

0 modifying the compressed instruction operands in the 
decompressed instructions, Wherein the instruction 
operands are incremented each time the instruction ?eld 
is replicated; and 

storing a replicated instruction in one of the plurality of 
instruction queues. 

15. The method of claim 14, Wherein the instruction regis 
ter comprises 128 bits, and Wherein the ?rst and second 
instruction queues each comprise 64 bits. 

16. The method of claim 15, Wherein each of the plurality 
20 of instruction queues the ?rst compression data ?eld com 

prises tWo bits, and Wherein the second compression data 
?eld comprises tWo bits. 

17. Computer hardWare, comprising: 
means for saving system instruction space using compres 

sion of a plurality of instructions, Wherein each of the 
plurality of instructions has a same instruction function 
and is applied to a plurality of consecutively addressed 
operands; and 

means for decompressing a compressed instruction, 
Wherein the compressed instruction comprises the same 
instruction function. 

18. The computer hardware of claim 17, further compris 
ing: 
means for queueing a plurality of decompressed instruc 

tions, Wherein a data string retrieved from an instruction 
cache comprises N compressed instructions, and 
Wherein the instruction cache further comprises N par 
titions. 

19. The computer hardWare of claim 18, Wherein the com 
40 pressed instruction is decompressed into N instruction 

queues, Wherein each of the N instruction queues stores 
instructions for a different processor thread, Wherein each of 
the N instruction queues comprises L levels. 

20. The computer hardWare of claim 17, Wherein the means 
5 for decompressing further comprises incrementing each of 

the plurality of operands, Wherein each of the plurality of 
operands in a decompressed instruction corresponds to the 
plurality of consecutively addressed operands. 
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